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© Process for preparing piroxicam/cyclodextrin complexes, the products obtained and their 
pharmaceutical compositions. 

© A process for preparing complexes of piroxicam with cyclodextrins in which the two components in the 
powder state are premixed and then co-ground in a high energy mill in the presence of steam. 

The products obtained have technological, physical and biopharmacological characteristics which are 
advantageous compared with those of liquid-state complexes obtained by traditional methods, and are suitable 
for preparing pharmaceutical compositions for oral, rectal and topical use. 
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Piroxicam is a non-steroidal anti-inflammatory drug with considerable analgesic and anti-inflammatory 
activity. 

It Is poorly soluble In water and in biological fluids at physiological pH values. Piroxicam is charac- 
terised by a slow and gradual absorption via both the oral and rectal routes and this involves a delayed 
5 onset of anti-inflammatory and analgesic effect. 

The aforegoing underlines the interest in improving piroxicam absorption pattern. An interesting method 
to ameliorate biopharmaceutical properties is based on Including the drug in cyclodextrins, water-soluble 
natural glycosidic cyclic compounds, 

Italian patent 1,196,033 filed on 22 February 1984 describes inclusion complexes of piroxicam and 
to cyclodextrins in a molar ratio between 1:1 and 1:10, preferably 1:2.5. This complex results In much higher 
solubility than piroxicam alone, improved pharmacokinetic characteristics and improved gastric tolerability. 

The processes described in said patent for preparing inclusion complexes of piroxicam in cyclodextrins 
are all based on the liquid state, comprising dissolving the two components (piroxicam and cyclodextrin) In 
a suitable solvent and then separating the complexes obtained In the solid state by drying, crystallization, 
15 freeze-drying or air-flow atomization (spray-drying). 

Summary of the invention 

A new process has now been found for preparing piroxicam -cyclodextrin complexes characterised In 

20 that: 

a) piroxicam and cyclodextrin both in powder form are mixed together in the solid state and optionally 
degassed; 

b) the mixture obtained is co-ground in a high energy mill whose grinding chamber is saturated with 
steam; 

25 c) the product obtained is dried under vacuum and screened to eliminate any aggregates. 

The product obtained is a piroxicam/cyclodextrin complex of high density and large surface area which, 
combined with its extremely fine particle size, make it particularly advantageous in the preparation of 
pharmaceutical compositions for oral, rectal and topical administration. 

30 Detailed description of the invention 

The characteristics and advantages of the process for preparing piroxicam-cyclodextrin complexes, the 
product obtained and the relative pharmaceutical compositions according to the present invention will be 
more apparent from the following detailed description. 
35 Said process is based on dry preparation. In a first stage the piroxicam and cyclodextrin both in the 
finely divided powder state are mixed together in a powder mixer, the mixture optionally being degassed 
under vacuum at room temperature or slightly heating. 

In a second stage the mixture of piroxicam and cyclodextrin is co-ground in a high energy mill with the 
grinding chamber saturated with steam. 
40 In a third stage the product obtained is dried under vacuum at room temperature or slightly heating and 
sieved to eliminate any aggregates. 

The piroxicam and cyclodextrin used in the process have a particle size less than 60 mesh and are fed 
to the mill in a weight ratio of cyclodextrin to piroxicam between 10:1 and 1:1. 

The co-grinding is conducted for a time of between 0.10 and 48 hours and preferably for a time 
45 between 0.25 and 4 hours. 

The product obtained is screened through a 60 mesh screen and homogenized by mixing. 

The product is characterized by a high density, a large surface area and an extremely fine particle size, 
good solubility and a low water contact angle. 

It consists of a piroxicam/cyclodextrin molecular inclusion complex, as demonstrated by IR spec- 
so trophotometry and DSC (differential scanning calorimetry) analysis. 

Because of its characteristics the piroxicam/cyclodextrin complex according to the invention can be 
advantageously used to prepare pharmaceutical compositions having analgesic, anti-inflammatory and 
antirheumatic activity, for oral, rectal and topical administration. 

For example, tablets prepared with the complex of the present invention have a much higher dissolution 
55 rate than commercial formulations containing piroxicam alone. 

"In vivo n trials have shown that the complexes of the invention provide more rapid absorption than 
commercial formulations of uncomplexed piroxicam. 

Compositions for oral or rectal administration contain between 10 and 50 mg of said complex per unit 
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dose, while compositions for topical administration contain between 0.2 and 5% by weight of said complex. 

Using the complex of the present invention, tablets of rapid disintegration and high dissolution rate can 
be specifically prepared in which the content of the piroxicam-cyclodextrin complex is between 40 and 60% 
by weight, with colloidal silica, lactose, crospovidone, magnesium stearate and optionally starch and 
carboxymethylstarch as excipients. 

Finally, in addition to the aforesaid advantages it must be emphasized that the process according to the 
invention results in considerable cost and Industrial advantages due to the simplicity of the operations and 
equipment. 

The following examples relating to the preparation of piroxicam/cyclodextrin complexes, their charac- 
terisation, their pharmaceutical compositions and their in vivo application better illustrate the invention. 



4 grams of piroxicam and 12 grams of betacyclodextrin are screened through a 60 mesh screen and 
mixed for 10 minutes in a suitable mixer. The mixture is fed into the co-mixing chamber of a roto-centrifugal 
high energy mill together with the grinding means in a weight ratio of 1:5.5. 

The grinding chamber is saturated with steam by opening a connection valve between the chamber and 
a steam reservoir, and co-grinding is then conducted for two hours. On termination of this operation the 
product is discharged, screened through a 60 mesh screen and homogenized by mixing. 



200 grams of piroxicam and 1720 grams of betacyclodextrin are screened through a 60 mesh screen 
and fed Into the grinding chamber of a high energy vibration mill together with the grinding means in a 
weight ratio of 1 :2.34. 

While maintaining the mill at its minimum vibrational frequency the powders are exposed for 15 minutes 
to a flow of steam by opening a connection valve between the chamber and a steam reservoir (mixing and 
activation stage). 

After this operation the true co-grinding stage is effected for 4 hours. On termination, the product is 
discharged, screened through a 60 mesh screen and homogenized by mixing. 

Physical and chemical characteristics of the piroxicam(P)- fl-cyclodextrin complex (/3-CD) 

Evidence of P/j8-CD interaction in the products of Examples 1 and 2 was demonstrated by IR 
spectrophotometry and DSC (differential scanning calorimetry). 

Table 1 shows the DSC data determined under the following operating conditions: starting temperature 
35* C; final temperature 240* C; heating rate 10 " C/min. 

To verify that complexing is complete, the reference value to be taken is the heat of fusion of piroxicam 
alone at its melting point (202-203 * C). 

TABLE 1 - Differential scanning calorimetry (DSC) 



Piroxicam/ ^-CD complex Melting point Heat of fusion 



EXAMPLE 1 



EXAMPLE 2 



°C 



J/g 



Example 1 



189-0 



m.2 



Example 2 



192.3 



7.5 



Physico-pharmaceutical characterisation of the piroxicam/betacycjodextrin complex 
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Data are given relevant to water-wettability determined by water contact angle analysis, true density 
determined by Helium pycnometry, and surface area determined by mercury porosimetry (Table 2). 

TABLE 2 - Physico-pharmaceutical characterisation parameters of 
various piroxicam/£-CD complexes compared with the starting raw 
material 



Compound true density water contact surface area 

(g/ml) angle <m 2 /g) 



76" 

45°50' 0.30 
5^*79' 0.85 



35*89' 2.07 



Solubilization kinetics tests were also conducted on the piroxicam/£-CDcomplex (500 ml of acetate 
buffer pH 5.0. 125 rpm. 37* C), in which a product quantity at least 10 times greater than that required to 

35 saturate the solution (oversaturation value) was placed in a dissolution test apparatus (paddle method) 
equipped with a continuous flow cell allowing continuous spectrophotometric detection of dissolved 
piroxicam in a very short-time (1 to 5 seconds). This test effected within a few minutes from the beginning 
of the solubilization process provides data to be considered as one of the most important parameters for the 
biopharmaceutical evaluation of the products. Comparison of solubility of various pfroxicam/iS-CD complexes 

40 prepared by different methods and uncomplexed product are shown in Table 3. 



piroxicam 

Freeze-Dried 1-51 

piroxicam/p-CD 

spray-dried 1.29 

piroxicam/p-CD 

pi roxicam/p-CD 1 . 7k 

of Example 1 



50 
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TABLE 3 " Solubility data of different piroxicam/p-CD preparations 
compared with uncomplexed product. 



Compound Equilibrium solubility C max 

(oversaturation value) 
10 (me/1) (mg/1) 



piroxicam 

15 

freeze-dried 
piroxicam/p-CD 
20 spray-dried 

piroxicam/|S-CD 
piroxicam/p-CD 

25 

of Example 1 



30 EXAMPLE 3 

The following formulation was used to prepare fast disintegration tablets with high dissolution rate: 30% 
by weight of co-ground piroxicam-cyciodextrin was premixed with colloidal silica and screened through an 
18 mesh screen. After adding the remaining co-ground product mixing was continued for a further 15 
35 minutes. 

All the remaining prescreened excipients were added and mixing continued for a further 1 5 minutes. 
The mixture was finally formed into tablets. 

The unit composition of the tablets obtained in this manner is as follows: 



30 
81 

73-1 



80.2 



30 
883.2 

317.9 



272.3 



40 


Co-ground piroxicam/cyclodextrin 


215 mg 




Colloidal silica 


10 mg 


45 


Spray-dried lactose 


87 mg 




Starch 


10 mg 




Carboxyme thyls taxch 


20 mg 


50 


Crospovidone 


50 mg 




Magnesium stearate heavy powder 


8 mg 



55 

Total 400 mg 
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The tablets have a hardness of about 10 kgp and an average disintegration time of 2 mln 30 sec. 
Dissolution rate data are shown in Table 4. 

EXAMPLE 4 

Even more rapidly disintegrate tablets with an even higher dissolution rate were obtained by the 
following formulation: all the components including the co-ground piroxicam-cyclodextrin were mixed 
together, screened through a 40 mesh screen and further mixed for a suitable time period. 

The mixture obtained was then formed into tablets. Their unit composition is as follows: 

Co-ground piroxicam/cyclodextrin 210-32 mg 

Colloidal silica 3 mg 

Spray-dried lactose 130.68 mg 

Crospovidone 50 mg 

Magnesium stearate heavy powder 6 mg 



Total. 400 mg 

The tablets have an average disintegration time of 1 min 30 sec and a very high dissolution rate, as 
shown in Table 4. 

Dissolution rate of tablets containing the piroxicam/betacyclodextrin complex 

The dissolution rate of tablets containing as active ingredient the piroxicam/0-cyclodextrin complex 
prepared in Example 2 was compared with that of analogous pharmaceutical compositions containing as 
active ingredient piroxicam//3-cyclodextrin inclusion complex obtained by different methods and with a 
standard commercial piroxicam composition. 



6 



EP 0 449 167 A1 



TO 



15 



20 



25 



30 



35 



40 



TABLE 4 - Dissolution rate of various solid oral compositions of 
piroxicam standard and of piroxicam/fS-cyclodextrin complexes 

Compound Composition Mean percentage dissolved at 

various times 
60 120 180 240 300 600 
sec sec sec sec sec sec 

piroxicam capsules 0.00 3.02 44.00 57-08 78-62 93-66 

Piroxicam/ p tablets 16.69 50-62 80.58 97-99 104.34 107-59 

cyclodextrin 

complex prepared by 

spray-drying 

Piroxicam/p tablets 9-33 24.97 42.69 59-39 74-64 101.64 

cyclodextrin 

complex prepared by 

freeze-drying 

Piroxicam/3 tablets 22.13 67-00 93-59 97-11 98-12 98.88 

cyclodextrin (Example 3) 
complex prepared 
in Example 2 

Piroxicam/p tablets 31-44 85-88 100.14 101.59 101.93 102.13 

cyclodextrin (Example 4) 

complex prepared 
in Example 2 



As can be seen from the data of Table 4, tablets containing the pfroxicam/0-cyclodextrin complex have 
a dissolution rate which is quite higher than the commercial formulation containing crystalline piroxicam 
standard. Moreover it is interesting to note that significant differences exist also among piroxicam/0- 
cyclodextrin complexes. The dissolution profile of the tablets prepared following Example 3 and Example 4 
45 particularly emphasize the importance of the formulation and the optimum choice of excipients. 

Pharmacokinetic characterisation 

Pharmacokinetic studies were conducted in healthy volunteers to determine the "in vivo" importance of 
so the physico-pharmaceutical characteristics of the pharmaceutical compositions of the invention. 

Various compositions containing as active ingredient the piroxicam//3-cyc!odextrin complex prepared by 
different methods (freeze-drying, spray-drying and co-grinding) were compared one another and with a 
standard commercial composition. 

The compositions were administered to the volunteers in accordance with standard administration, 
55 feeding and wash-out period procedures. 

For ail pharmaceutical forms the administered dose (single dose) was 20 mg of piroxicam. The plasma 
concentrations of piroxicam were determined by a validated HPLC analysis method. 

The results are shown in Table 5. As can be seen from the data reproduced in this table, significant 
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differences in plasmatic level were observed during the initial 120 minutes after administering the various 
compositions. 

Besides confirming that the absorption of the complexes is more rapid than that of the commercial 
uncomplexed piroxicam formulation, these results further emphasize the importance of the pharmaceutical 
composition itself. 

In this respect, the pharmacokinetic characteristics of the complexes reproduce the pattern both of the 
dissolution rate and the solubilization kinetics. 

TABLE 5 - Plasma levels and pharmacokinetic parameters of different solid oral 
compositions of standard piroxicam and of piroxicam/p-cyclodextrin (P/&-C1) 
complexes (N=4; cross -over study) 



Formulation Plasma level (ocff/ol) (X + SE) at various tines Cmax Tmax ALT (0-2h) AUC (0-20h) 

0.25 0.50 1.0 2.0 4.0 8.0 2ft. 0 (h) (mcg/ml) (h) (tncg/mll.h (mcg/ml). h 



piroxicam capsules 


0.31 


1-37 


1.44 


1.48 


1.26 


1.37 


1.02 


1.65 


4.60 


2.4l 


29. 10 




s0.20 


*0.27 


t0.23 


±0.21 


t0.21 


xO.32 


eo.09 


±0.15 


±1.90 


*0.39 


t 4.41 


freeze-dried P/B-Ci 


1.27* 


2.25 


2.08* 


2.22- 


1.87 


2.0a 


i-31 


2.40* 


3-io 


3.76- 


42.10 


(tablets) 


tO-15 


tO. 18 


rO.05 


to. 15 


±0.14 


to.13 


to. 03 


xO.08 


±1.60 


±0.l4 


± 1.10 


Spray-dried P/p-Cl 


O.92 


139 


2.16 


2.31 


1.8ft 


1.84 


1.25* 


2.36 


1-50 


3-52 


39.78 


(tablets) 


tO. 20 


to. 26 


*0.23 


*o. 31 


tO.10 


tO.17 


to.08 


tO. 28 


to. 30 


*0.4U 


* 3.32 


P/B-C1 of Example Q 


1.54* 


2.31 


1.98 


2.l6» 


1.68 


i.80 


I.27 


2.34» 


0.88 


3-82- 


39.19 


(tablets) 


*0.il 


to. 07 


to. 13 


±0.12 


±0.10 


*o. 11 


±0.04 


tO. 06 


2O.038 


±0.17 


± 1.17 



* p 0.05 vs piroxicam cps 

Cmax = maximum plasma concentration 

Tmax = time to maximum concentration 

AUC s area under the plasma concentration-time curve at 0-2 hours 
and 0-24 hours from administration. 



Claims 

1. A process for preparing piroxicam-cyclodextrin complexes characterised in that: 

a) the piroxicam and the cyclodextrin both in powder form are mixed together in the solid state and 
optionally degassed; 

b) the mixture obtained is co-ground in a high energy mill with the grinding chamber saturated with 
steam; 

c) the product obtained is dried under vacuum and screened to eliminate any aggregates. 
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2. A process as claimed in claim 1, characterised in that the weight ratio of cyclodextrin to piroxicam is 
between 10:1 and 1:1. 

3. A process as claimed in claim 1. characterised in that the co-grinding is conducted for a time of 
5 between 0.10 and 48 hours. 

4. A process as claimed in claim 1, characterised in that the co-grinding is conducted for a time of 
between 0.25 and 4 hours. 

io 5. A piroxicam/cyclodextrin complex obtained by the process of claims 1 to 4, characterised by an 
equilibrium solubility of between 60 and 100 mg/l, an oversaturation value (C max) of between 100 and 
1000 mg/l, and a water contact angle less than or equal to 55* . 

6. Pharmaceutical compositions with analgesic, anti-inflammatory and antirheumatic activity containing as 
is active ingredient the complex of ciaim 5, for oral, rectal and topical administration. 

7, Compositions as claimed in claim 6 for oral or rectal administration containing between 10 and 50 mg 
of said complex per unit dose. 

20 8. Compositions as claimed in claim 6 for topical administration containing between 0.2 and 5% by weight 
of said complex. 
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